Binary transition metal oxides have been regarded as one of the most promising candidates for high-performance electrodes in energy storage devices, since they can offer high electrochemical activity and high capacity. Rational designing nanosized metal oxide/carbon composite architectures has been proven to be an effective way to improve the electrochemical performance. In this work, the (Co,Mn) 3 O 4 spinel was synthesized and anchored on reduced graphene oxide (rGO) nanosheets using a facile and single hydrothermal step with H 2 O 2 as additive, no further additional calcination required. Analysis showed that this method gives a mixed spinel, i.e. , demonstrating excellent rate capabilities. Therefore, the one-step process is a facile and promising method to fabricate metal oxide/rGO composite materials for energy storage applications.
Introduction
Recently more attention has been paid to environment friendly, sustainable, and efficient device for energy conversion and storage devices. [1, 2] Li-ion batteries (LIBs) with high specific capacity have received worldwide interest and an increase in research output. [3] [4] [5] However, the conventional graphite anode fails to meet the requirements for the fast-growing markets, for example in portable electronics and hybrid vehicles, due to limited power and energy density. [6, 7] Transition metal oxides, especially M 3 O 4 (M = Mn, Co or Fe) with a spinel structure, are one of the most promising anode materials for lithium ion batteries, due to availability of the elements and high capacity, which is more than twice that of traditional intercalation graphite anode. Metal oxide (M 3 O 4 ) behaves as anode materials for LIB based on conversion (redox) reaction. [8] The mechanism can be described by M 3 O 4 + 8Li + + 8e -! 4Li 2 O + 3M. Normally lithium oxide Li 2 O is stable and does not decompose to the metallic lithium, however, in the presence of nanosized transition metal (nano-M), the reaction can proceed as nano-M + Li 2 O $ 2Li + + nano-MO, and thus the function as lithium ion battery anode can be achieved. Moreover, engineering the metal oxides at nanoscale offers further advantages, such as increased active surface areas, short ion diffusion pathways, and better accommodation of the reaction strains, which enhance the energy storage capacity or rate capabilities. However, poor electronic conductivity and agglomeration of nanoparticles restricts the direct utilization of nanosized transition metal oxide and graphene nanosheets. Carbon nano fiber or other carbon source, which have better electronic conductivity, [9] can connect with each other to provide a fast electronic conduction path and offer a space framework for metal oxide nucleation to avoid agglomeration of the nanoparticles. As anode materials for lithium ion battery, the M 3 O 4 /C composites can also accommodate the volume expansion of active materials to achieve long term stable performances. [10] Yang et al. [11] 
Results and Discussion

Morphology and Structure Analysis
A reaction process and the resulting novel anode material developed in this work are schematically illustrated in Fig 1. In the first stage metal ions connect with ammonium hydroxide molecules to form metal amine complex, which are likely adsorbed on the surface of GO sheet with hydroxyl and carboxyl groups to form a GO + Co/Mn complex (left hand side of Fig 1) and then in the hydrothermal process becomes well crystallized (Co,Mn) 3 O 4 on rGO (right hand side of Fig 1) . It is anticipated that the strongest adsorption sites result in (Co,Mn) 3 O 4 and these sites have a even distribution on the GO. The reactions can be described by the following equations [19] .
The as-synthesized (Co,Mn) 3 O 4 /rGO composite was first characterized by XRD to identify its crystallographic structure. As shown in Fig 2A, File), which is consistent with standard spectrum seen for rGO. [20, 21] And I D /I G of rGO is 1.08, lower than 1.16 of GO that is matching with the reference (Figure C Panel A in S1 File) [22] . The XRD profile comparison was shown in Figure C Panel B in S1 File, the XRD pattern of rGO also matches with the reference well [23] , suggesting rGo was well prepared. A further comparison with other Co-Mn spinel oxides has been made as shown in Figure D and Table A in S1 File, and it is further verified that the product obtained here is a tetragonal mixed spinel with the composition (Co,Mn) 3 O 4.
A mixed spinel with the composition (Co,Mn) 3 O 4 suggests that both tetragonal and octahedral sites in the spinel are occupied by both 2 + and 3 + oxidation states. Detailed elemental composition and oxidation state of as-synthesized product were characterized by XPS. The spectrum obtained in Fig 2B indicates the presence of Co, Mn, and O, as well as C from the rGO. In order to identify the oxidation state of Co and Mn, the XPS spectra in the Co 2p and Mn 2p region were analyzed and fitted (Fig 2C and 2D) . [24] For Co (Fig 2C) , and a coulombic efficiency of 70.7%. The irreversible capacity loss arising during the first cycle is likely due to the incomplete decomposition of Li 2 O and the difficult dissolution of the SEI layer. [33] In the 2nd cycle, the discharge and charge capacity are 1082 mAh g -1 and 1026 mAh g -1 and in the 3rd cycle the discharge and charge capacity are 1076 mAh g -1 and 1028 mAh g -1 , respectively. It is noted that the charge capacity are almost the same for the initial three cycles. The CV curves for LIBs at a scan rate of 0.5 mV s -1 in the potential range of 0.01~3V (vs. Li/Li + ) are shown in Fig 4B. It is easily seen that the first cycle exhibits differs from the following 2 cycles which almost overlaps with each other, demonstrating that the electrode exhibit good stability and cyclability after 1 st cycle. In , Co 2+ to metallic Mn, Co, respectively. [33] And it was also believed that the formation of SEI layer in the first discharge process will contribute to discharge capacity, which accounts for the larger discharge capacity and different CV shape with the next two cycles. Upon charge, two broad oxidation peaks are shown at 1.5 V and 2.0 V, which can be assigned to the oxidation of Mn and Co to Mn 2+ and to Co 2+ , respectively. In the following two cycles, the reduction peak moves to about 0.5 V, which is different from the irreversible electrochemical reaction during the first discharge cycle. [34] On the basis of the cyclic voltammetry curves, the entire electrochemical process can be described as follows:
Previously, Qiang Shen and co-workers [35] found that MnCO 3 spindle-GO composites and flower like MnCO 3 could act as lithium ion battery anode materials. And the reaction mechanism can be expressed as:
However, when we make a comparison of the CV test (Fig 4B) in this work with those results of MnCO 3 LIB anode [36] [37] [38] , no extra peaks of MnCO 3 was founded. Therefore, the MnCO 3 impurity is neglectable to the electrode. Fig 4C shows .
After 140 cycles, a reversible capacity 939 mAh g -1 can be obtained without any obvious degradation, with the capacity retention of 98.8%. In addition, the coulombic efficiency retains 98% after 140 cycles. The slight capacity increase after 50 th cycle is due to the improvement of Li + accessibility and accommodation behavior in the electrode, the transformation of crystalline structure to an amorphous structure of (Co, Mn) 3 O 4 , and the formation of a gel-like surface film during the initial activation process [39] [40] [41] . Co-Mn oxides had been studied extensively as anode materials for lithium ion batteries. Here we made a comparison of the Co-Mn oxides in electrochemical performance and synthesis method, as summarized in Table 1 . It is obvious that the (Co,Mn) 3 O 4 /rGO composites in this work exhibits outstanding cycling performance and highest reversible capacity. It is also noted that two steps process is the most popular way to prepare crystalline Co-Mn oxides in previous works, which prepared the precursor firstly followed by heat treatment to obtain the oxide. However in this work, we report a simple and facile route to achieve (Co,Mn) 3 O 4 /rGO hybrid without any following heat treatment. To the best of our knowledge, this is the first time to report one-step hydrothermal synthesize (Co,Mn) 3 O 4 /rGO composite as an anode for LIBs with outstanding performances. The excellent performance is attributed to synthetic effect of well distributed nanocubes and strong adherence on rGO, which guarantees rapid lithium conversion reaction and high electronic conductivity. Therefore, the one-step process is a facile and promising method to fabricate metal oxide/rGO composites for LIB applications. It can be further used to synthesize other transition metal oxide/rGO composites for various applications, such as electrochemical capacitor, and catalysts.
Conclusions
In summary, we firstly demonstrated an one-step route synthesis for binary transition metal oxide (Co,Mn) 3 O 4 nanocubes on the surface of rGO. With the introduction of oxidant H 2 O 2 in the synthesis process, the (Co,Mn) 3 O 4 /rGO composites can be obtained by a single hydrothermal process. As anode materials for LIBs, as-prepared composites delivered reversible capacity of 1100 mA h g -1 at a current density of 100 mA g -1 . Also, excellent electrochemical stability is revealed with nearly 98.8% retention of initial capacity after 140 cycles at 200 mA g -1 . We believe such good performance results from nano sized and uniform growth of cube (Co, Mn) 3 O 4 particles on rGO, which would shorten the transfer distance of ions and increase the active contact area with electrolyte. Therefore, the one-step process is a simple and promising method to fabricate high performance binary metal oxide/rGO composites for LIB applications. Furthermore, the one-step route can be expanded to synthesize other binary transition oxides for various applications.
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